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The Klamath Basin (1)

Drains interior to coast. Fraser, Columbia, Klamath, (Pit (rare), Sacramento R).
~4000 ft Klamath Marsh to sea level.

260 miles long

10.5 M acres (~15,700 sq mi; ~40,600 sq km)

Upper and Lower Basin, ~separator I-5 bridge below Iron Gate Dam
Two states, Oregon origin and California estuary

2"d Jargest discharge in California (after Sacramento-San Joaquin)
17,000 cfs (484 cms), min 1310 to max 577,000 cfs at ocean

3rd largest US West Coast salmon run (after Columbia, Sacramento)

Little attention outside the region. On the edge of many administrative units.



The Klamath Basin (2)

Has almost every western water issue

Agricultural production

Hydropower generation

Endangered species

Water quality

Municipal and industrial usage

Crosses state lines

Multiple agencies

Complex resource management setting

Tribal interests are a major factor
CA - Hoopa Valley, Karuk, Quartz Valley, Resighini, Yurok
OR - Klamath

Multiple and sometimes conflicting interests

Climate setting
No particular El Nino / La Nina allegiance. On the western dipole.

Difficult location for long-lead (monthly/seasonal) forecasts
More “east-side” than “west-side.” Volcanic hydrology. “Upside down”

Joint USDA/NOAA water supply forecasts to 2009. Separate, collaborative, since.

Ecological Drought. Opportunities to think through this under-developed topic.



Klamath River Basin
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Selected Timeline

1868 First irrigation ditch in Upper Klamath Basin

1905 Klamath Project authorized

1908 Lower Klamath - first NWR established, by Teddy Rooseveldt
1918 First dam completed (Copco #1)

2001 Water deliveries curtailed due to drought

2002 Massive die-off of salmon (33,000 fish)

2004 Klamath River Watershed Coordination Agreement CA, OR, EPA
2010 Klamath Basin Restoration Agreement

2010 Klamath Hydroelectric Settlement Agreement

2013 Tribes and US Govt exercise Upper Klamath water rights, 15t time
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Klamath River Basin

Multiple management organizations

[0 National Wildlife Refuge (N.W.R)
[ National Park (NP)

[B National Monument (N.M.)

@ Wildeness Area

[ National Forest (N.F.)

[H Bureau of Land Management

[ Bureau of Reclamation

[[] Tribal Lands

. The Nature Conservancy

B Water

[ Klamath Project irrigated private lands
P Refuge commercial lease lands

N Major Highway

> N Major River

l b Wild and Scenic River

l' /' County Boundary

A State Boundary
0 15 30 45 + Gy
| —_ |

= Dam

The Wilderness Society

Center for Land: Analysis




Jun-Nov SOI

Split Samples:
VvSs.

Updated from Redmond and Koch (1991). Winters of 1933/34 - 1994/95.
Reddish: Composite El Nino winters are wet, La Nina winters are dry.
Bluish/greenish: Composite El Nino winters are dry, La Nina winters are wet.

Redmond, K.T., and R.W. Koch, 1991. Surface climate and streamflow
variability in the western United States and their relationship to large-scale
circulation indices. Water Resources Research, 27(9), 2381-2399.
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National Integrated Drought Information System (NIDIS)

NIDIS aka: A Drought Early Warning System
Drought as a “slow onset” phenomenon.

No way that we should ever be taken by surprise by drought.

NIDIS, DEWS: Early Warning = Looking For Trouble



Klamath Basin Decision Support System
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Related NOAA Sector Applications Research Project (SARP)

Houston Engineering Inc (MN) Dr. Mark Deutschman PI
NOAA National Weather Service

USDA Natural Resources Conservation Service
Klamath County Public Works Department

From Fisheries Manager to Family Farmer: Improved Products for
Communicating Water Supply, Drought and Climate Change Risk for Daily
Decision Making within the Klamath Basin, California and Oregon, US.
Two years: July 2012 - June 2014.

Stakeholder and focus group meetings in the basin
Draft Report

User Requirements Draft Report March 2014, Final Report April 2014
Insufficient understanding of stakeholder needs
How is NWS (CNRFC) and NRCS-NWCC info used?
What needs are met or not met?
How is uncertainty addressed?
Matching the annual “decision calendar”



User Needs Report

Final = April, 2014 Prepared by Mark Deutschman,

Houston Engineering, Inc.
The Role of Climate and Water Resources Data in Societal Decisions ; . ;
within the Klamath Basin of Oregon and California Mlnneap0|ls, MlnnGSOta-

A User Requirements Framework for the Western United States

167 pages, with appendices.
Very well done report.
Many practical issues discussed.
Very relevant to NIDIS Pilot.

Much applicability to other
western settings.
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Percent of Average Precipitation
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Mean Temperature Departure from Normal
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Departure from Normal Temperature (F) Departure from Normal Temperature (F)
4/1/2014 - 4/30/2014 5/1/2014 — 5/13/2014
5 10
4 8
3 8
BN
2 v Ew.‘!#g_; 4
1 A ¥ 2
0 0
-1 -2
-2 —4
-3 -5
-4 -8
-5 —10
Generated 5/11/2014 at HPRCC using provisional data. Regicnal Climate Centers Generated 5/14/2014 ot HPRCC using provisional data. Reqgicnal Climate Centers

Apr 2014 May 2014 thru 13th



Water Year Percent of Normal Precipitation (%)
2010-11

01 Oct 2010
Thru

30 Sep 2011 —

200
150
130
110
100

a4

T

70

20

25

Generated 6/15/2012 at HPRCC using provisional daota. Reqgichal Climate Centers



Water Year WCTIRT
201112 Percent of Normal Precipitation (%)

01 Oct 2011 10/1/2011 - 9/30/2012
Thru —

30 Sep 2012
300

200
150
130
110
100
ad
70
50

25

q_nij@ujQL

C

L

Generated 10/11 /2012 at HPRCC using provisicnal data. Regichal Climate Centers



W t Y - - -
peter Yoar Percent of Normal Precipitation (%)

01 Oct 2012
Thru
30 Sep 2013 1735
150
| ' “1 WE*H:"Q ) 110
&‘\t“—“ = - ol 3 1 : 100
4_:‘:- go
80
70
50
25

Generated 10/11 /2013 at HPRCC using provisicnal data. Reqicnal Climate Centers



Water Year ST
201314 o date  PErcent of Average Precipitation (%)

010ct2013 < 10/1/2013 — 4/19/2014
Thru ,

13 May 2014

e

a4

] 25 50 70 80 100 110 130 150 200 300
Generated 4/20/2014 at WRCC using provisional data.

NOAA Reqional Climate Centers




Oct 1 - May 13 Water Year to Date 2013-2014 Oct 1 - May 13

Percent of Normal Precipitation (%) Departure from Normal Temperature (F)
10/1/2013 - 5/13 /2014 10/1/2013 - 5/13 /2014
S S r——rrr— .
m) e &Zfll\:jl ! 175 i 10
i »=) i 150 g ; 8
130 8
120 4
110 2
100 0
S0 -2
s | WYY = B st P -4
70 )
50 -8
25 —-10
Generated 5/14/2014 at HPRCC using provisional data. Reqicnal Climate Centers Generated 5/14/2014 at HPRCC using provisional data. Regicnal Climate Centers

Precipitation Percent Temperature Departure (F)



50°N —

48°N —

46°N —

44°N —

42°N —

40°N -

38°N —

36°N —

34°N —

32°N —

WestWide Drought Tracker - WRCC/UI Data Source - PRISM (Prelim), created 22 JAN 2014

Western United States - Precipitation
January-December 2013 Percentile

RECORD
WETTEST

MUCH
ABOVE
NORMAL
Top 10%

ABOVE
NORMAL
Top 33%

NEAR
NORMAL

BELOW
NORMAL
Bottom 33%

MUCH
BELOW
NORMAL
Bottom 10%

Fy
I "‘ e i .
- + 3
A
: W A
AR - T
]| T
]
Vi
4 £
t r
F
141"
' : 2, .
. A =i
\ -\1 ;
| I | |
120°W 115°W 110°W 105°W

RECORD
DRIEST

(0102-5681) sbunjuey

Calendar Year
Precipitation

Rank

Jan-Dec
2013

1896
Thru
2013

Lowest 10 %

Record
Driest



Western United States - Precipitation
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City/Town N

Aerial Marker Site

Snow Course Site

SCAN Site
SNOTEL Site

SNOTEL Site with
Enhanced Sensors

Forecast Point
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www.wcc.nrcs.usda.gov/special/klamath.html
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RECLAMATION  RECLAMATION

Managing Water in the West

2014 Drought Plan 2014 Annual Operations Plan

Klamath Project, Oregon-California Klamath Project, Oregon-California
Mid Pacific Region Mid Pacific Region

U.S. Department of the Interior U.S. Department of the Interior
Bureau of Reclamation May 2014 Bureau of Reclamation April 2014
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@@ CALIFORNIA NEVADA RIVER FORECAST CENTER

HYDROLOGY WEATHER CLIMATE RESEARCH /OUTREACH LINKS SEARCH ABOUTUS

Daily Water Resources Update

@ Mouseover to select region Web content below courtesy of: Ve Other Resources

Current selection: All Regions

Select data type below: == =3 Filter products by region: & All regions ¢~ CAOR " E. Side/NV | Filter by product type: Graphics: ¥ Text ™

Precipitation Observed Flow Forecast Flow Point Forecasts

Select product below: E=3 =3 Currently selected options are highlighted in [,
s0n: Water Year %Avg Spring Peak Flow Dates
Seasonal %Average Volume Forecast Click for more options Volume Percent of Normal =
Data Mode: I Default - I Map Controls: IOn - I

Created: Wed May 14 2014 at 8:21 AM PDT S0%  70%  90%  110%  130%  150%
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Medford, OR (MFR): Current MWater—-Year (Oct 1) Percent of Normal Precipitation
Valid at 5/14/2014 1200 UTC- Created 5/14/14 23:44 UTC

Percent

water.weather.gov/precip



CALIFORNIA NEVADA RIVER FORECAST CENTER

HOME HYDROLOGY WEATHER CUMATE RESEARCH/OUTREACH LINKS SEARCH ABOUTUS

Monthly Precipitation Summary Water Year 2014
Updated: Wed May 14 07:52:26 2014

The following is data from National Weather Service cooperative observers as of the end of last month. The water year starts on October 1 and ends on
September 30. Precipitation data is provided for each month of the most recent water year, total precipitation for the water year, the percent of normal for the
water year to date, and the percent of the entire water year we have received to date.

W stands for Missing Data. WY means Water Year. NA means that 30 year averages do not existfor this station. The units of the precipitation is Inches.
If a station has any missing data, its WY to Date total will also be missing. In addition the percent normal will not be calculated.
Any questions about this product should be directed to the CNRFC.

SOUTHERN OREGON COA!

WYto [PctAvgto| PctTot

D Location OCT | NOV [ DEC | JAN | FEB | MAR |APR Date Date wy
IASHO3 |[ASHLAND 0.43 |0.90 |1.10 |[0.73 ||4.02 |[3.66 |1.48 [12.32 78 62
CVJO3 ||CAVE JUNCTION 0.04 [234 |1.18 |[1.65 ||9.81 |[10.12|1.34 [26.48 46 42
GOLO3 ||GOLD BEACH 1.09 [4.89 |2.07 |[472 ||11.02[12.13|3.32 [39.24 57 51
GPSO3 ||GRANTS PASS KAJO 0.19 |252 |0.19 |[1.02 ||5.70 |[6.40 |0.97 [16.99 61 B5
GSPO3 |GREEN SPRINGS PP 0.60 [0.34 |0.66 |[0.58 [|3.30 |[2.90 |1.35 [9.73 51 41
LEMO3 |LEMOLO LAKE 153 [6.62 [455 [7.07 |16.69 [11.84 [5.84 |[54.14 |98 82
MFR MEDFORD 0.20 [1.12 ||0.36 |[0.78 ||4.55 |[3.50 |0.82 |[11.33 75 62
OTH [NORTH BEND 076 [270 |2.16 |[269 ||8.03 |[5.35 |3.55 [2524 |44 39
PRSO3 |PROSPECT 2SW 028 (328 |[1.64 [362 852 |7.14 367 2815 |80 67
RIDO3 |RIDDLE 053 |2.09 |1.30 |[1.73 |5.18 [4.19 |0.92 |15.94 59 51
[ROGO3 |ROSEBURG 0.53 [3.11 111 |[2.05 [|6.51 |[4.98 |1.98 [20.27 70 60
SXT [SEXTON SUMMIT 0.46 |[3.00 |1.08 |[1.11 ||7.63 |[7.45 |1.16 [21.89 72 62
[TKFO3 ||[TOKETEE FALLS 1.01 [4.75 211 |[3.97 [|9.21 |[9.32 |4.31 [34.68 87 72
|WINO3 |[WINCHESTER DAM 0.45 [3.08 |0.99 |[2.04 ||6.45 |[5.07 |1.89 [19.97 64 55
[WLMO3 ||WILLIAMS 0.05 [1.82 |[067 122 |7.88 [6.23 ||0.44 |1831 |63 56

CLOSED BASINS

<]
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WY to [PctAvgto| PctTot

D Location OCT | NOV | DEC | JAN | FEB |MAR |APR Date Date wY
HMRO3 |HART MOUNTAIN REF 1.34 |0.48 |0.18 |[0.42 ||1.51 |[0.93 |1.83 |[6.69 79 53
PASO3 ||PAISLEY 032 [0.15 |[0.01 [J0.05 [|1.25 [1.38 |[1.09 [4.25 57 38
SMMO3 ||SUMMER LAKE 0.40 |0.56 |0.26 |[0.74 ||2.77 |[2.05 |0.85 [7.63 80 57
SVLO3 |SILVER LAKE 0.30 [0.37 |0.26 |[0.28 ||1.53 |[M 0.50 [M

N CALIFORNIA COASTAL

g
3
-
i
i

WYto [PctAvgto| PctTot

D Location ocT [ Nov | DEC | Jan | FEB MR | apR | Bt ||PELAYI1O) Pt
CEC _||CRESCENT CITY ASOS 011 252 131 |p15 [9.49 731 [232 [25.21 |44 39
CVLCT [COVELD W 21 |40 M [920 [s68 MM
EKA |[EUREKA 0.05 [129 056 [1.35 [5.09 [5.25 [137 [16.95 |46 2
[FORC1 |[FORT ROSS (R NN O N CEO N O
FRECT |FT BRAGG 5N 000 [145 [027 [o21 [769 [8.46 171 [o179 |54 50
[GASC1 |[GASQUET RS 0.04 502 235 |p55 [1867 [17.19][436 [5118 |62 56
[5COCH |[SCOTIA 003 [0.88 064 [0.87 [4.19 725 [094 [1480 |32 30
D Location ocT | nov | pec | Jan | FEB |maR | apr | WYTo |PctAvgto) PetTot
Date | Date | Wy
CHEO3 |[CHEMULT 026 110 104 MMM _[m [
CHQO3 [CHILOQUIN 7NW 049 M 105 [151 [5.00 [303 0 |m
[CRLO3 ||CRATER LAKE NP 079 |[5.44 [3.09 [5.69 [1289 1219602 [48.11 |85 B
GBZ03 ||GERBER 010 [070 Jod0 MMM MM
[HOWO3|[HOWARD PRAIRIE 085 124 [131 [1.64 [5.80 247 [238 [1769 |67 56
[KENO3 |[KENO 003 [037 054 [0.80 [3.40 245 [094 [853 |53 3
LWT_|[KLAWATH FALLS 001 034 028 [o.21 [234 194 020 [5.32 |48 36
D Location ocT |nov | pec | Jan | FEB |maR | apr | WYto |PctAvgto) Pet Tot
Date Date wy
BBACT |[BIG BAR 4E 0.01 [1.15 083 [1.26 [5.70 |585 [113 [1593 |48 m
CHNCT [CALLAHAN 025 [0.47 038 [0.75 [359 |40 |07 [go1 a4 37
COPCH ||[COPCO #1 DAM 026 057 019 [0.69 [3.88 [3.70 189 [1118 65 53
FOJC1 |[FORT JONES 0.00 [053 048 [0.78 258 [¢12 028 [877 |48 4
HPACT |[HOOPA 0.00 [154 [1.06 [1.79 [8.25 |282 [097 [1643 |NA NA
HPYC1 |[HAPPY CAWP 007 [204 [102 [142 [8.76 [883 [130 [2344 |50 M
HYACT |[HYAMPOM 0.01 [153 046 [1.06 [5.35 [885 M M
MTHCT |[MT. HEBRON RS 016 [059 000 [o15 [137 [0.94 [028 [349 39 29
ORLC1 [ORLEANS 0.02 [163 104 [1.80 [1363[1113 166 [3091 |63 58
STGC1 |[LAVA BEDS NI 011 050 016 [0.25 [150 128 |488 [868 |78 57
[TRHCA |[TRINITY RIVER HATCHERY 01 |[1.41 |[0.37 [0.83 |[5.62 [6.66 | [m
[FULCT [TULE LAKE 005 [0.33 047 [033 [159 [146 [049 [a42 |52 38
[WEACT |WEAVERVILLE 0.01 [1.42 048 [0.09 [5.22 [850 042 [18.04 |51 45
[WLLCA |[WILLOW CREEK 1NW 0.00 168 050 [172 [8.33 |2.44 [072 [1539 |30 28
[VKAC1 |[YREKA 002 [057 020 |[196 [3.01 [336 [036 |o4s |8 m

i

www.cnrfc.noaa.gov/imonthly_precip.php
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Experimental Forecast Reference Crop Evapotranspiration

The Experimental Forecast Reference Evapotranspiration (FRET) for short canopies are an experimental product that
will be posted to this page for evaluation until May 31, 2013. During this period, we encourage your comments or
suggestions forimprovements using the electronic survey provided. Your feedback will help us determine product
utility, if modifications are needed, and whether the product should become part of the operational suite. Please see
the information tab for more information on this product.

Note: Site specific FRET values are available by clicking on the map or typing in a location at:
hitp:/iwwiwrh.noaa.goviforecastiwxtables/index. php?wfo=mfr

Please fill out the survey at: http:/iwww.weather.gov/survey/nws-survey.php?code=RESCV

>

FRET
Neighbors

Y A

FRET Departure from Normal Climatology Information

Today _—
Friday y : .57
saturday 0.5:0.%25
Sunday
Monday
Tuesday
Wednesday
Weekly Total

mouseover
effect:

Disable |
Enable

041 0.88 g 4;

U4

USRI

| 7~ ‘;‘ f J
F nbcasg/ﬁefqrence ET/ (in) Thu May 15 2014

Tabular FRET values are available for selected locations or at alternative site

| mnd cnnAdifinad Am ACIARIAA

www.wrh.noaa.gov/forecast/evap/
FRET/FRET.php?wfo=mfr
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Drought Impact Types:
~’ Delineates dominant impacts

S= Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L= Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

& /7 .yt Intensity:
Author: " i ' = [ ] DOAbnormally Dry
Mark Svoboda \g— 4 [] D1 Moderate Drought
Nafional Drought Mitigation Center - o ‘ [ D2 Severe Drought
< ; I D3 Extreme Drought
I D4 Exceptional Drought
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Select: Klamath Falls area, 12 months ending in Dec, Temperature 0 C, 9-year running mean.

"merican Freezing Level Tracker

«
About -

Introduction =
This analysis tool allows one

to track through time the

height of the freezing level (0

C or 32F) above sea level.
Freezing level has important
effects on hydrology in

mountain environments. This
level affects 1) the elevation

of the rain/snow line, 2)
whether precipitation at a
spedified level falls as rain or
as snow, 3) whether the
ground is frozen or thawed
when the first autumn snows
fall, 4) the effidency of
snowpack accumulation
through the winter months, 4)
the internal temperature and
rate of "ripening” and melting
of the snowpack in the spring,
and 6) the length of the snow
free season at different
elevations. Freezing level also
affects ecological function
through biological growth
rates (both plants and
animals) at different
elevations. Other
temperature thresholds of
interest are available (10 C,
20C,30C/50F,68F, 86F)

as well. These temperatures LI
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Elevation (ft)

Elevation of Freezing Level over Klamath Falls. Annual. 1948 through 2013.
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Western Regional Climate Center




Elevation (ft)

Elevation of Freezing Level over Klamath Falls. Winter. 1948-49 thru 2013-14.
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Elevation (ft)

Elevation of Freezing Level over Klamath Falls . Spring. 1948 thru 2014.
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Elevation ()

Elevation of Freezing Level over Klamath Falls. Summer. 1948 thru 2013.
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clievation (1t)

Elevation of Freezing Level over Klamath Falls. Autumn. 1948 thru 2013.
0°C Level at 42.17°N, 121.77°W - 3 Months Ending in November
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Percent of Reanalysis precipitation with below-freezing temperature at 1600 m / 5200 ft.
Klamath Falls Area. Annual 1948 - 2013.

12 Months Ending in December % of Precip as Snow 42.17°N, 121.77°W 1600m
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Percent of Reanalysis precipitation with below-freezing temperature at 1600 m / 5200 ft.

70

% Precip as Snow

10 +

Klamath Falls Area. Winter (DJF) 1948/49 - 2013/14.
3 Months Ending in February % of Precip as Snow 42.17°N, 121.77°W 1600m
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1950 1960 1970 1980 1990 2000 2010

— 9 year average Ending Year (1948 - 2014) Lo e tron 1670 2000
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Through April 2014
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Recent Evolution of Equatorial Pacific SST Departures

Observed Sea Surface Temperature (°C)
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Ocean Departures from Average Temperature (C) 4-10 May 2014

Weekly SST Anomaly 2014/05/04 - 2014/05/10
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Jun-Nov SOI

Split Samples:
VvSs.

Updated from Redmond and Koch (1991). Winters of 1933/34 - 1994/95.
Reddish: Composite El Nino winters are wet, La Nina winters are dry.
Bluish/greenish: Composite El Nino winters are dry, La Nina winters are wet.

Redmond, K.T., and R.W. Koch, 1991. Surface climate and streamflow
variability in the western United States and their relationship to large-scale
circulation indices. Water Resources Research, 27(9), 2381-2399.

Oct-Mar Precip
SOl >= +0.50 minus SOl =<-0.50

- t>0, p=<0.001
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[e] t<0, p>0.05

[] t<0. p=<0.05
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I

t<0, p=<0.001

Redmond &
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NINO3.4 SST Anomaly (°C)

Mid-May 2014 Plume of Model ENSQO Predictions
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Temperature & Precipitation
Official Outlooks
One Month 2014 Three Month

Jun Temp Jun Precip Jun-Jul-Aug T Jun-Jul-Aug P

Orange / Red - Higher likelihood of drier than usual
Green - Higher likelihood of wetter than usual

NOAA Climate Prediction Center



Six experiments in near-term climate forecasting Jun-Aug 2014.
NMME (National Multi-Model Ensemble).
IMME (International Multi-Model Ensemble).
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Precipitation.

Dynamical
Models

CFSv2: US Climate
Forecasting System
version 2

CMC1: Canadian
Meteorological Center
version 1

CMC2: Canadian
Meteorological Center
version 2

GFDL: US
Geophysical Fluid
Dynamics Laboratory
NCAR: US National
Center for
Atmospheric
Research

NASA: US National
Aeronautics and
Space Administration
NMME: National Multi-
Model Ensemble
IMME: International
Multi-Model Ensemble

2014 May 15



Six experiments in near-term climate forecasting Jun-Aug 2014. Temperature.
NMME (National Multi-Model Ensemble).
IMME (International Multi-Model Ensemble).
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Aeronautics and
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IMME: International
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Standardized Precipitation Index (SPI) @

Water Year

Last 50 days
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Northern Sierra Precipitation: 8-Station Index, April 20, 2014
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Hater Content {Percent of April 1 Avg) Hater Content {Percent of April 1 Avg)

Hater Content {Percent of April 1 Avg)
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Established Programming Rule:
If it’s easy for the user, it was hard for the programmer.

If it’s hard for the user, it was easy for the programmer.

Corollary:
Making things easy takes resources, often substantial.

Many parties would like this, but not willing to support.



Concluding Thoughts
Making it easy for users: Lotta work.

How to operationalize.
Automated updating.
Keeping up with evolving web pages of others.
Adds up over time: How to fund or fold into operations.
How to keep going when no drought or other climate anomalies.

Dashboard appealing to users. But, Dashboard Fatigue for operators.

Cannot meet all user expectations.
Tools to help select from among major options.



Thank You !
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